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ACUTE TOXICITY SUMMARY
ARSINE
(arsenic hydride, arsenic trihydride, hydrogen arsenide)
CAS Registry Number: 7784-42-1
l. Acute Toxicity Summary (for a 1-hour exposure)
Inhalation reference exposure level 160 ng/m3
Critical effect(s) hemolysis of red blood cells

Hazard Index target(s) Hematologic

Il. Physical and Chemical Properties (HSDB, 1993 except as noted)

Description colorless gas

Molecular formula AsH;3

Molecular weight 77.93

Density 2695 g/L @ 25°C

Boiling point -55°C

Melting point -117°C

Vapor pressure 11,000 mm Hg @ 25°C
Flashpoint not applicable

Explosive limits upper = 78 % by volumein air

(NIOSH Pocket Guide, 1993)
lower = 5.1 % by volumein air
(NIOSH Pocket Guide, 1993)

Solubility soluble in chloroform and benzene, dightly soluble

in water, ethyl alcohol and in akalis
Odor threshold 0.5 ppm (NJ Hazardous Substance Fact Sheets, 1993)
Odor description garlic (AIHA, 1989)
Metabolites oxidation to As™, As,0; (Landrigan et al., 1982)
Conversion factor 1 ppm =3.19 mg/m® @ 25°C

I11.  Major Uses or Sources (HSDB, 1993)

Processes such as smelting, galvanizing, soldering, and etching, that require the treatment of metal
with strong acids, are possible sources of arsine gas. Acid treatment of metals contaminated with

arsenic can result in therelease of arsine gas. Arsine is used to provide arsenic as a dopant in the

semiconductor industry. Combustion of fossil fuels may produce arsine gas.
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IV.  Acute Toxicity to Humans

Numerous case reports of accidental arsine poisoning exist in the literature, but reliable estimates
of concentrations following acute human intoxication do not exist. Thisisduein large part to the
insidious nature of arsine toxicity - arsine is a colorless gas, has amild odor at low concentrations,
produces no mucous membrane irritation, and usually results in delayed symptoms of toxicity
(Klimecki and Carter, 1995). In mammalian systems, arsine primarily targets the erythrocyte and
causes hemolysis and methemogl obinemia with acute exposure (NRC, 1984). Jaundice,
hemoglobinuria, anuria, hepatic and renal damage, anoxia, and anemia are secondary effects
resulting from hemolysis. Before the advent of dialysis, there were no reports of patients surviving
if renal failure developed (Buchanan, 1962). Other acute symptoms reported include headache,
weakness, dizziness, dyspnea, nausea, vomiting, diarrhea, and abdominal cramping (Klimecki and
Carter, 1995). Central and periphera nervous systems may be affected by acute arsine exposure,
leading to agitation, disorientation, hallucinations, psychopathologic abnormalities, and peripheral
nerve degeneration (Klimecki and Carter, 1995; Frank, 1976). The psychopathologic and
peripheral abnormalities are thought to be secondary to the conversion of arsine to arsenate or
arsenite. Thefirst signs and symptoms of toxicity, hemoglobinuria and/or nausea, are usually
delayed 2 to 24 hours following exposure (Kleinfeld, 1980).

A case report documents hemolytic anemia, hematuria, and rena failure following intermittent
exposure to arsine gas over 2.5 hours (Parish et al., 1979). Symptoms of gastrointestinal distress,
headache, and malaise were a so reported following this exposure. The concentration of arsine gas
sampled 3 days after exposure was 0.1 ppm (0.3 mg/m3), but the concentration at the time of
poisoning was unknown. Another typical accidental poisoning resulted when 2 men were exposed
to arsine gasin ameta smelting works (Coleset al., 1969). Symptoms included nausea, vomiting,
red urine, generalized aching, shivering, epigastric pain, and jaundice. However, the more severely
affected worker developed symptoms within 1 hour of exposure while the other did not develop
symptoms for 24 hours. The more severely affected worker developed acute rena failure that
required peritoneal dialyss.

In an occupational study, the highest average concentration of arsine recorded in a battery
formation area of a battery manufacturing plant was 20.6 pg/m? (0.006 ppm) (Landrigan et al.,
1982). Elevated levels of urinary arsenic were observed in some workers but effects on the
hematopoietic system were apparently not examined.

A study by Williamset al. (1981) collected persona and area air samples after 2 workers
exhibited symptoms of arsine poisoning while restoring alarge 19th century painting. Symptoms
included headaches, nausea, weakness, vomiting, and red urine. The blank-corrected air
concentration of arsine ranged from 0.010 to 0.067 mg/m3. While these concentrations are below
the OSHA PEL 8-hour TWA of 0.2 mg/mg3, the results may indicate that these workers are
senditive responders or that humans in general may be more sensitive to the effects of arsine than
experimental animals. However, the air samples may not represent the actual concentration of
arsine that caused the symptoms of poisoning in the workers since the workplace air was not
analyzed for arsine until after symptoms were reported. The study also notes that ‘ appreciable
concentrations’ of lead and arsenic were found in the workplace air.
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Predisposing Conditions for Arsine Gas Toxicity

Medical: Persons with renal disease and hematologic disorders such as glucose-6-
phosphatase deficiency or sickle cell anemia may be at higher risk for
adverse effects following arsine gas exposure (Reprotext, 1999).

Chemical: Unknown
V. Acute Toxicity to Laboratory Animals

L Cso values reported by Gates (1946) are as follows. 120-210 ppm (380-670 mg/m3) for 10
minutes in rats, 110 ppm (350 mg/m3) for 30 minutes in dogs (equivaent to 190 ppm (610 mg/m?)
for 10 minutes), and 200-300 ppm (640-960 mg/m?3) for 10 minutes in rabbits. An LCsy in mice
was reported as 31 ppm (99 mg/md) for a 50-minute exposure (Levvy, 1947). The survival time
of the fatalities (4 days) was reported to be more or less independent of exposure concentration
(2500 mg/m: to 25 mg/md) and exposure duration.

The study by Levvy (1947) varied exposure durations for each given concentration of arsine.
Because the mortality data were not presented in conventional form by the standard L Cs, method,
the data were normalized to a 1-hour exposure using Haber’s equation (C" x T = K). The
exponent “n” of 1.8 was determined by varying the term n in alog-normal probit analysis (Crump,
1984; Crump and Howe, 1983) until the lowest chi-square value was achieved. Only 54 data
points were used to estimate the exponent n because these points were of sufficient duration (> 5
minutes) and resulted in the best chi-square fit for the line and obvious heterogeneity (Table 1).

Tablel. Selected mice mortality results from Levvy (1947) and the 1-hour adjusted
concentration using Haber's equation (C" x T = K, where n = 1.8).

Concentration Exposure Mortality 1-Hour Adjusted
(ppm) Duration (min) (no. died/total) Concentration (ppm)
157* 10 30/30 58
5 28/30 39
2.5 17/30 27
1.7 0/30 22
78.4* 15 21/30 36
9 10/30 27
31.4 70 30/30 34
50 15/30 28

* Shaded rows include data used for determination of the EDys and BDgs

Craig and Frye (1988) reported a 4-hour LCsy of 42.6 ppm in rats. However, when the rats were
separated by sex for statistical purposes, there was dlightly greater mortality among females than
males (38.9 ppm LCs, for females vs. 46.8 ppm LCs, for males). No abnormalities were seen at
necropsy except red discharge from nose, mouth, and genitalia a the higher concentrations. A
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concentration-related suppression of body weight gain was observed during the first week of the
14-day post-observation period.

The most comprehensive arsine lethality study was undertaken by IRDC (1985). LCsy's of 240,
178, and 45 ppm were determined in rats (10 rats/sex/group) for 30 minute, 1 hour, and 4 hour
exposures, respectively. Deaths generally occurred within 3 days following 30 minute exposure
to arsine. Asin the previous study (Craig and Frye, 1988), there was dightly greater mortality in
females than males. Adverse effects noted during exposure included dyspnea, while effects noted
post-exposure included a concentration-related increase in hematuria, dark material around the
head or the anogenital area, and pallor of ears, eyes, and feet. The higher concentrations resulted
in weight loss immediately following exposure, suppressed weight gain during the first week, and
compensatory weight gains during the second week post-exposure. Necropsy on animals that
died showed red, yellow or orange fluid in the bladder, stomach, or intestine, and discol oration of
the kidneys, lungs, and liver.

Datain the IRDC (1985) report were used to determine the exponent “n” in the equation C"x T =
K. Thiswas done by varying the term nin alog-normal probit analysis (Crump, 1984; Crump and
Howe, 1983) until the lowest chi-square value was achieved. The value of “n” for extrapolation
to 1-hour exposure was dependent on exposure duration. For extrapolation from 30 minutes to
1-hour exposure, n = 2.2; for extrapolation from 4-hours to 1-hour exposure, n = 1.0.

Table 2 contains the studies which provided adequate raw mortality data from which a maximum
likelihood estimate corresponding to 5% lethality (ML Egs) and benchmark dose at the 95% lower
confidence interval of the MLEys and MLEy (BDos and BDy;, respectively) could be determined.

Table2. Anima Lethality Benchmark Dose Determinations in ppm for Arsine

Reference Species | Exposure LCso ML Egs BDos BDo;
Time(min) | 60min* | 60min" | 60min" | 60min'
IRDC, 1985 rat 30 175 120 105 86
rat 60 178 112 88 66
rat 240 181 118 101 80
Craig and Frye, 1988 rat 240 170 125 102 84
Levvy, 1947 mice varied® 29 20 16 13

' Exposure time was extrapolated to 60 minutes, if needed, using a modification of Haber's
equation (C"* T =K). For rats, n = 2.2 for extrapolation from 30 minutes to 1-hour, or n =
1.0 for extrapolation from 4 hours to 1-hour; for mice, n = 1.8.

2 Lethality datafor 5 exposure durations were pooled and normalized to a 1-hour exposure using
the equation C" x T =K (see Table 1).

In other experimental animal studies, a reduction in hematocrit as a function of arsine

concentration was observed in mice following a 1-hour exposure (Peterson and Bhattacharyya,
1985). A LOAEL of 9 ppm (29 mg/m3) and a NOAEL of 5 ppm (16 mg/m?) were reported. The
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demarcation between the NOAEL and LOAEL for this non-lethal effect was well defined, not
only among the exposure groups (5 ppm vs. 9 ppm), but a'so among individual mice in each
exposure group (Peterson, 1990). Hematologic recovery of the surviving mice was gradual but
nearly complete within 11 days after exposure (Peterson and Bhattacharyya, 1985). The study
also reported a NOAEL of 15 ppm (100% survival) and LOAEL of 26 ppm (100% lethality) for
lethality. Therefore, the NOAEL/LOAEL approach for determination of a severe adverse effect
level for arsine is appropriate.

A subchronic study in male and female rats and female mice (Fowler et al., 1988) supports the
sharp demarcation in dose-response noted by Peterson and Bhattacharyya (1985). All treatment
groups exposed to arsine (6 hr/day, 5 days/week) at concentrations of 10 ppm and above showed
100 percent mortality within 4 days while those exposed to 5 ppm or less showed no mortality or
overt signs of toxicity. Other effects observed included a dose-related increase in spleen weight
and adight increasein liver weight. Blood samples taken at necropsy showed a dlight dose-
related decrease in hematocrit and a marked dose-related increase in the activity of red blood cell
ALAD (d-aminolevulinic acid dehydratase).

In 290 day study, male and female mice were exposed to 0, 0.025, 0.5, and 2.5 ppm arsine gas
for 6 hours/day, 5 days/week (Blair et al., 1990). After 5, 15, and 90 days, blood was collected
for hematologic analysis. Exposureto 2.5 ppm had significant effects on all hematological
parameters for nearly the entire exposure period, while 0.5 ppm caused only afew significant
changes in hematological parameters at day 90 of exposure (decreased hemoglobin in males and
increased MCV in females). Exposure to 0.025 ppm was without effect.

VI.  Reproductive or Developmental Toxicity

In an unpublished study, workers in one semiconductor plant were reported to have a 39% rate of
miscarriage, almost twice the national average (Sanger, 1987). Workers were exposed to
unidentified levels of arsine gas, but other possible exposures were not identified.

A developmental toxicity study exposed pregnant rats and mice to 0.025, 0.5, or 2.5 ppm (0.079,
1.5, or 7.9 mg/m?3) arsine for 6 hours per day on gestation days 6 through 15 (Morrissey et al.,
1990). Therats exposed to 2.5 ppm exhibited a significant increase in fetal body weight, but no
other endpoints of developmental toxicity were observed. The incidence of malformations
observed in arsine exposed mice at 0.025 ppm (exencephaly) and at 2.5 ppm (unfused eyelids)
was not significantly different from control mice.
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VII. Derivation of Acute Reference Exposure Level and Other Severity Levels
(for a 1-hour exposure)

Mild Adverse Effect Level
Because lysis of red blood cells is considered a severe adverse effect, and since this effect occurs

at or below the threshold for discomfort (a mild adverse effect), there is no mild adverse effect
level currently recommended for arsine.

Reference Exposure Level (protective against severe adverse effects): 0.05 ppm (160 ng/m?3)

Study Peterson and Bhattacharyya, 1985; Peterson, 1990
Study population mice

Exposure method inhalation

Critical effects lysis of red blood cells

LOAEL 9 ppm (29 mg/md)

NOAEL 5 ppm (16 mg/m3)

Exposure duration 1 hour

Extrapolated 1 hour concentration 5 ppm

LOAEL uncertainty factor 1

Interspecies uncertainty factor 10

Intraspecies uncertainty factor 10

Cumulative uncertainty factor 100

Reference Exposure Level 0.05 ppm (0.16 mg/m3; 160 ng/m?3)

Level Protective Against Life-threatening Effects

The work by Craig and Frye (1988) and IRDC (1985) provide recent, well-conducted rat lethality
studies from which to derive alife threatening level for arsine from human data using the standard
benchmark dose approach. However, the results by Levvy (1947) indicate that mice are at least
5-fold more sengitive to the lethal effects of arsine than rats (see Table 2). Thisfinding is
supported by the recent study by Peterson and Bhattacharyya (1985), which observed a 1-hour
NOAEL and LOAEL for lethality of 15 and 26 ppm, respectively. Therefore, the level for arsine
is based on mouse |ethality data obtained from Levvy (1947). Based on probit analysis of data by
Levvy (1947), aBDgs of 16 ppm was determined in mice for 1-hour exposure to arsine. An
uncertainty factor of 3 was applied to the BCys to account for interspecies differences because the
BDos likely accounts for some degree of variation and an uncertainty factor of 10 was applied to
account for increased susceptibility of sensitive human individuals.

Level protective against life-threatening effects = BC/(UF)

The total uncertainty factor was 30. Incorporation of these factors resultsin alevel protective
againgt life-threatening effects for arsine of 0.537 ppm (1.712 mg/mg) for 1-hour exposure.

C-35-Arsne



Determination of Acute Reference Exposure Levelsfor Airborne Toxicants
March 1999

VIIl. References

(AIHA) American Industrial Hygiene Association. Odor thresholds for chemicals with established
occupational health standards. Akron (OH): AIHA; 1989. p. 13.

Blair PC, Thompson MB, Bechtold M, Wilson R, Moorman MP, Fowler BA. Evidence for
oxidative damage to red blood cells in mice induced by arsine gas. Toxicology 1990;63:25-34.

Buchanan WD. Arsine. In: Browning E, editor. Toxicity of arsenic compounds. New York (NY):
Elsevier Publishing Company; 1962. p. 67-75

Coles GA, Daey D, Davies HJ, Mallick NP. Acute intravascular haemolysis and renal failure due
to arsine poisoning. Postgrad Med J 1969;45:170-172.

Craig DK, Frye J. Acute L Cs, nose only inhalation toxicity studies of arsinein rats (final report).
Contract No. N0512-4700. Columbus (OH): Battelle Columbus L abs; 1988.

Crump KS. A new method for determining alowable daily intakes. Fundam Appl Toxicol
1984,;4:854-871.

Crump KS, Howe R. Probit-A computer program to extrapolate quantile animal toxicological
datato low doses. Ruston, LA: Crump K.S. & Company Inc.; 1983.

Fowler BA, Moorman MP, Adkins B Jr, Bakewell WE Jr, Blair PC, Thompson MB. Arsine:
toxicity data from acute and short-term inhal ation exposures. In: ACGIH. Hazard assessment and
control technology in semiconductor manufacturing. Chelsea (M1): Lewis Publishers; 1989. p. 85-
89.

Frank G. Neurologische und psychiatrische Folgesymptome bel akuter Arsen-Wasserstoff-
Vergiftung. JNeurol 1976;213:59-70.

Gates M, Williams J, Zapp JA. Arsenicals. Summary technical report of Division 9, National
Defense Research Commiittee. Vol. 1. Chemical warfare agents and related chemical problems.
Washington (DC): Office of Scientific Research and Development; 1946. p. 98 (Pt 3).

(HSDB) Hazardous Substances Data Bank. National Library of Medicine, Bethesda, Maryland
(CD-ROM Version). Denver (CO): Micromedex Inc.; 1993. (Edition expires 11/31/93).

IRDC (International Research & Development Corporation). Three acute inhalation toxicity
studies of arsine on rats (final report). Report No. 533-001, 533-002, and 533-003. Mattawan
(M1): IRDC; 1985.

Kleinfeld MJ. Case report: Arsine poisoning. J Occup Med 1980;22(12):820-821.

C-36-Arsne



Determination of Acute Reference Exposure Levelsfor Airborne Toxicants
March 1999

Klimecki WT, Carter DE. Arsine toxicity: chemica and mechanistic implications. J Toxicol
Environ Health 1995;46:399-409.

Landrigan PJ, Costello RJ, Stringer WT. Occupational exposure to arsine. Scand J Work Environ
Health 1982;8:169-177.

Levvy GA. A study of arsine poisoning. Quart J Exp Physiol 1947;34:47-67.

Morrissey RE, Fowler BA, Harris MA, Moorman MP, Jameson CW, Schwetz BA. Arsine:
Absence of developmental toxicity in rats and mice. Fundam Appl Toxicol 1990;15:350-356.

(NRC) Nationa Research Council. Committee on Toxicology. Emergency and continuous
exposure limits for selected airborne contaminants. Vol. 1. Washington (DC): National Academy
Press; 1984. p. 35-39.

NIOSH Pocket Guide. National Institute for Occupationa Safety and Health, Cincinnati, Ohio
(CD-ROM Version). Denver (CO): Micromedex, Inc.; 1993. (Edition expires 11/31/93).

New Jersey Hazardous Substances Fact Sheets: Right to Know Program, New Jersey Department
of Public Health, Trenton, New Jersey (CD-ROM Version) Denver (CO): Micromedex, Inc.;
1993. (Edition expires 11/31/93).

Parish GG, Glass R, Kimbrough R. Acute arsine poisoning in two workers cleaning a clogged
drain. Arch Environ Health 1979;34(4):224-227.

Peterson DP. Written communication; 1990.

Peterson DP, Bhattacharyya MH. Hematological responses to arsine exposure: quantitation of
exposure response in mice. Fundam Appl Toxicol 1985;5:499-505.

Reprotext ® System. Dabney BJ, editor. Denver (CO): Micromedex, Inc.; 1999. (Edition expires
1/31/1999).

Sanger DE. Unpublished study, Amherst (MA): University of Massachusetts School of Public
Health; 1987. [cited in Blair et al., 1990.]

Williams PL, Spain WH, Rubenstein M. Suspected arsine poisoning during the restoration of a
large cyclorama painting. Am Ind Hyg Assoc J 1981;42:911-913.

C-37-Ardne



